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In the complex cation of the title compound, 
[Zn(C 17 H 13 N 2 O 2 ) 2 (H 2 O) 4 ](C 10 H 4 O 8 ) 2 -2.5H 2 O, the Zn" atom, 
lying on an inversion center, is coordinated by two N atoms 
from two A^(3-carboxyphenyl)-4,4'-bipyridin-l-ium ligands 
and four water molecules in a distorted octahedral geometry. 
The pyromellitate anion is double deprotonated. O— H- ■ O 
and C— H- ■ O hydrogen bonds connect the cations, anions 
and uncoordinated water molecules into a three-dimensional 
supramolecular network. One of the two lattice water 
molecules shows an occupancy of 0.25. An intramolecular 
O— H- • O hydrogen bond is present in the anion. 

Related literature 

For background to the structures and applications of viologen 
compounds, see: Ebbesen et al. (1984); Jin et al. (2010); Sun et 
al. (2005); Xu et al. (2007). 
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Experimental 

Crystal data 

[Zn(C 17 H 13 N 2 0 2 ) 2 (H 2 0) 4 ]- 

(C 10 H 4 O 8 ) 2 -2.5H 2 O 
M r = 1241.33 
Monoclinic, P2^/c 
a = 7.5476 (2) A 
b = 19.5528 (4) A 
c = 19.2752 (4) A 

Data collection 

Bruker APEX CCD diffractometer 
Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
Tna,, = 0.781, T max = 0.825 

Refinement 

R[F 2 > 2a(F 2 )] = 0.031 

wR(F 2 ) = 0.078 

5 = 1.06 

4867 reflections 

429 parameters 

4 restraints 



Table 1 

Hydrogen-bond geometry (A, °). 



P = 110.431 (2)° 
V = 2665.63 (10) A 3 
Z = 2 

Mo Ka radiation 
IX = 0.56 mm -1 
T = 298 K 

0.43 x 0.41 x 0.37 mm 



25451 measured reflections 
4867 independent reflections 
4250 reflections with / > 2a(I) 
R iM = 0.028 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 0.29 e A" 3 

Apmh>= -0.36 e A~ 3 
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Symmetry 


codes: (i) 


-X + 2, y - 


-i-z+b («) 


-X + 2, y - 1 


-z + i (Hi) 



x. -y +|, z + 1; (iv) x - 1, -y + 1, z + 1; (v) -x + 1, 
-V + l,—y + 2, —z + 1; (viii) -x + 1, y + |, -z + 1. 



-z + j; (vi) x — 1, v, z; (vii) 



Data collection: SMART (Bruker, 2007); cell refinement: SAINT 
(Bruker, 2007); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
DIAMOND (Brandenburg, 1999); software used to prepare material 
for publication: SHELXTL (Sheldrick, 2008). 

The authors thank the NNSFC (grant Nos. 21053001 and 
20701014), the Fundamental Research Funds for the Central 
Universities (2009ZM0030) and the SRP program of the 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: HY2468). 
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Tetraaquabis[l-(3-carboxyphenyl)-4,4'-bipyridin-l-ium-K'A r ]zinc bis(4,5-carboxybenzene-l,2-di- 
carboxylate) 2.5-hydrate 

J. Zhang, Y. Tan and Z. Fu 
Comment 

Viologens are quaternary salts derived from 4,4'-bipyridine (Ebbesen et ah, 1984). Intensively interests have been focused 
on these compounds for their electron-transfer properties and enormous potential applications in electrochromic displays 
and optically switchable devices (Jin et ah, 2010; Sun et ah, 2005; Xu et ah, 2007). Most of them are dimethyl-, diethyl- 
, dibetaine- and dibenzyl viologens. Here we report the synthesis and structure of a new viologen compound with N-3- 
carboxyphenyl substitution and double-deprotonated pyromellitate as compensation anions. 

The asymmetric unit of the title compound contains one Zn 11 atom lying on an inversion center, one ^-(S-carboxyphenyl)- 
4,4'-bipyridinium ligand, one double-deprotonated pyromellitate anion, two coordinated water molecules and 1 .25 uncooed- 

inated water molecules (Fig. 1). The Zn 11 atom is six-coordinated by two N atoms of the viologen ligands and four O atoms 
of water molecules. The Zn— N bond length is 2.1689 (14) A and the Zn— O bond lengths are 2.0798 (13) and 2.1335 (14) 
A. The bond angles vary from 88.98 (6) to 93.42 (5)°, indicating a distorted octahedral geometry. O — H-0 and C — H-0 
hydrogen bonds (Table 1) connect the cations, anions and uncoordinated water molecules into a three-dimensional supra- 
molecular network (Fig. 2). 

Experimental 

A mixture of A r -(3-carboxyphenyl)-4,4'-bipyridinium chloride (0.2 mmol), ZnO(l mmol), phosphoric acid (2 mmol), pyro- 
mellitic acid (0.2 mmol) and water (5 ml) was sealed in a 23 ml Teflon-lined bomb at 120°C for 72 h. Yellow block-shaped 
crystals were obtained. 

Refinement 

H atoms of the hydroxyl groups and water molecules were located in a difference Fourier map and refined with (7i S0 (H) = 
1.5C/ e q(0). H atoms attached to 06 and 014 were refined with a distance restraint of O — H = 0.82 (2) A and with (7i S0 (H) 
= 1.5(7 e q(0). Other H atoms were positioned geometrically and refined using a riding model, with C — H = 0.93 A and with 
C/ iso (H)=1.2C/ eq (C). 



Figures 




Fig. 1. The molecular structure of the title compound. Displacement ellipsoids are drawn at 
the 50% probability level. [Symmetry codes: (a) 1-x, 1-y, 1-z.] 
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Fig. 2. The three-dimensional supramolecular structure of the title compound. Dashed lines 
denote hydrogen bonds. 



Tetraaquabis[1 -(3-carboxyphenyl)-4,4'-bipyridin-1 -ium-KiV Jzinc bis(4,5-carboxybenzene-1 ,2-dicarboxylate) 
2.5-hydrate 



Crystal data 

[Zn(C 17 H 1 3N 2 O 2 ) 2 tH 2 O)4](C 1 0H 4 O 8 ) 2 -2.5H2O 

M r = 1241.33 

Monoclinic, P2\lc 

Hall symbol: -P 2ybc 

a = 7.5476 (2) A 

b = 19.5528 (4) A 

c= 19.2752 (4) A 

(3= 110.431 (2)° 

V= 2665.63 (10) A 3 
Z = 2 



P(000) = 1282 

Z> x = 1.547 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 4867 reflections 

6 = 3.1-25.4° 

|i = 0.56 mm 1 

7=298K 

Block, yellow 

0.43 x 0.41 x 0.37 mm 



Data collection 



Bruker APEX CCD 
diffractometer 

Radiation source: fine- focus sealed tube 

graphite 

cp and co scans 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
T min = 0.78 l,T max = 0.825 
2545 1 measured reflections 



4867 independent reflections 

4250 reflections with / > 2a(7) 
Rim = 0.028 

©max ~~ 25.4 , 8 min — 3.1 

h = -9^8 

k = -23->23 
/ = -23-*23 



Refinement 



Refinement on F 
Least-squares matrix: full 



R[F 2 >2a(F 2 )] = 0.031 



wR{F 2 ) = 0.078 

S = 1.06 

4867 reflections 
429 parameters 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 



w = l/[a 2 (F 0 2 ) + (0.033 IP) 2 - 
where P = (F 0 2 + 2F 2 )/3 
(A/0) max = 0.001 

Ap max = 0.29 e A~ 3 



1.443P] 
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4 restraints 



Ap„ 



= -0.36eA 3 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 




Occ. 


Znl 


0.5000 


0.5000 


0.5000 


0.02391 (9) 




Ol 


0.5186 (2) 


1.24085 (7) 


0.33078 (8) 


0.0434 (4) 




H7 


0.583 (4) 


1.2716(14) 


0.3626 (15) 


0.065* 




02 


0.6136(2) 


1.16786 (7) 


0.42474 (8) 


0.0513 (4) 




03 


0.80086 (19) 


0.50774 (7) 


0.53939 (8) 


0.0327 (3) 
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0.844 (3) 
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0.5221 (13) 
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0.5307(13) 
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0.0344 (3) 
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0.591 (4) 
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0.6368 (14) 


0.052* 
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0.5993 (13) 


0.052* 




05 


0.7710(4) 


0.55277 (9) 


0.05365 (11) 


0.0879 (8) 




06 


0.7924 (2) 


0.53366 (8) 


-0.05325 (9) 


0.0507 (4) 




H9 


0.819 (4) 


0.5542 (14) 


-0.0882 (13) 


0.076* 




07 


0.8657 (3) 


0.59789 (8) 


-0.14700 (9) 


0.0702 (6) 




08 


0.9161 (2) 


0.70368 (8) 


-0.17320 (7) 


0.0464 (4) 




09 


0.9545 (2) 


0.74468 (7) 


0.20592 (7) 


0.0419 (4) 




H8 


0.939 (4) 


0.7691 (13) 


0.2399 (15) 


0.063* 




O10 


0.9735 (2) 


0.84566 (7) 


0.15526 (8) 


0.0444 (4) 




Oil 


1.04737 (18) 


0.89852 (6) 


0.00847 (7) 


0.0349 (3) 




012 


1.29187 (17) 


0.84798 (6) 


0.09494 (7) 


0.0313 (3) 




013 


0.8157(3) 


0.95061 (10) 


0.21503 (10) 


0.0555 (4) 




H5 


0.872 (5) 


0.9152(19) 


0.199 (2) 


0.105 (13)* 




H6 


0.816(5) 


0.9357 (17) 


0.257 (2) 


0.097 (12)* 




014 


0.8680 (18) 


1.0750 (5) 


0.2965 (6) 


0.109 (3) 


0.25 


H10 


0.91 (3) 


1.062 (10) 


0.340 (4) 


0.163* 


0.25 


Hll 


0.798 (10) 


1.044 (3) 


0.275 (10) 


0.163* 


0.25 


Nl 


0.4598 (2) 


0.60196 (7) 


0.45273 (8) 


0.0267 (3) 




N2 


0.3534 (2) 


0.93790 (7) 


0.31154 (8) 


0.0253 (3) 




CI 


0.3529 (3) 


0.61428(9) 


0.38216 (11) 


0.0359 (4) 




H1A 


0.2941 


0.5775 


0.3525 


0.043* 
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0.3255 (3) 


0.67884 (9) 
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0.2528 


0.6848 


0.3014 


0.043* 




C3 
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0.087 (7) 


0.003 (6) 


0.001 (7) 


-0.007 (5) 


Nl 


0.0324 (8) 


0.0173 (7) 


0.0303 (8) 


0.0015 (6) 


0.0108 (7) 


0.0009 (6) 


N2 


0.0356 (8) 


0.0162 (7) 


0.0235 (7) 


0.0000 (6) 


0.0094 (6) 


0.0008 (6) 


CI 


0.0510(12) 


0.0183 (9) 


0.0312(10) 


-0.0001 (8) 


0.0053 (9) 


-0.0028 (8) 



sup-4 



supplementary materials 



CZ 


A A^7A fl 7\ 

u.Ujzy (izj 


U.UZUj (y J 


A A777 ( 1 (\\ 
U.UZ 11 \ \-\J) 




A AA70 fQ\ 

U.UUZo (o ) 


A AA/1 7 fOi\ 

U.UU4 / yy) 


A AA 1 7 /'OA 
U.UU1Z (6 ) 


C.3 


U.U334 \ \\J) 


U.UZJj (y) 


A A 7 07 ( \ C\\ 

U.UZoZ (1UJ 




A AAAO fQ\ 

— U.UUUo {<$) 


A Afir i / o\ 

U.UUjI (oj 


A AA11 fn\ 

U.UU33 yl) 


f^A 

C4 


(1U) 


a m o/i /n\ 
U.U184 (y J 


A AT li /I f\\ 

U.U313 (1U) 




A AA/1 O 

— U.UU45 {/) 


a nn^^ /^o\ 
U.UUoj (oj 


A AA77 CH\ 

— U.UUZZ yl) 


Cj 


U.U3 1U [y ) 


U.U1 /Z (5) 


A A7Q7 (C\\ 




a AA7Q rn\ 

U.UUZ3 y l ) 


A A 1 77 /Q\ 

U.U1Z / yo ) 


A AA 1 o (n\ 

U.UUlo yl ) 


Co 


U.UZV4 yy ) 


a m 07 sci\ 

u.uio / (y J 


A A77A fCi\ 

u.uz /u (y j 




A AAA 1 f~l\ 

— U.UUU1 {/) 


A AA70 f~l\ 
U.UU /o ( / ) 


A AAA1 /Ti 

— U.UUU3 yl) 


C / 


U.Uj / J (,1ZJ 


u.uiyu (y ) 


A A70Q /I A\ 

U.UZ55 (1UJ 




A AAT 1 /Q\ 

U.UU31 {&) 


A A 1 QQ /Q\ 

u.uioy (y ) 


A AATT (H\ 

U.UU33 yl ) 


to 


U.UjoZ (1ZJ 


U.UZ33 (y J 


A A7CC (\ A\ 

U.UZjj (1UJ 




A AAA O fQ\ 

u.uuuo (y ) 


0.0198 (9) 


-0.0006 (8) 


CQl 

\Jy 


U.U4Z1 (1UJ 


a no 1 ^ /■q\ 
u.uzi j (y ) 


A A7/17 /Q\ 

u.uz4z (y j 




A AAA C ZO\ 

U.UUUj (5 ) 


0.0148 (8) 


0.0013 (7) 


i a 

C1U 


A A/1 TO /I 1 \ 

U.U4Z5 (11) 


A non 1 /Q\ 

u.uzui (yj 


u.uzoo (y ) 




A AA 1 < /'OA 

U.UU 1 j {<$ ) 


0.0162 (8) 


-0.0028 (7) 


C1Z 


U.U30U (1UJ 


A AI 7/1 /"Q\ 

u.ui /4 (yj 


u.uzoj (y j 




A AAA/: /~J\ 

U.UUUu { / ) 


0.0119(8) 


0.0035 (7) 


CI J 


C\ C\A f\A (\\\ 
U.U404 (1 1 ) 


U.UZj4 (1UJ 


A A771 (\ A\ 

U.UZ / I (1UJ 




A AAC/C /0\ 

U.UUjd (oj 


0.0032 (9) 


-0.0015 (8) 


1 /I 
C14 


a ncoo ( i a\ 
U.UjZo (,13) 


A A1 1/1 /I 1 \ 

U.U3 14 (1 1 J 


A A7C/I /I A\ 

U.UZD4 ^1UJ 




A AA 1 7 /Q\ 

U.UU1 1 \ y) 


-0.0021 (9) 0.0072 (8) 


CI J 


A C\A A1 ( 1 1 \ 

U.U443 (1 1 J 


u.uzui (yj 


A A1 1 7 t \ (W 

U.U3 1Z (1UJ 




A AAA1 /'OA 
— U.UUU3 {($) 


0.0091 (9) 


0.0070 (8) 


Clo 


a ai/ia /'OA 
U.U34U [y ) 


A A1 QO /Q\ 

u.uiyo (^y ) 


A A 7 (\(\ 

u.uzou (y ) 




A AAA A /7\ 

U.UUUU { 1 ) 


0.0123 (8) 


0.0021 (7) 


i 7 

CI / 


U.U34Z (1U) 


A A770 

u.uzzo (y ) 


A A7 1 7 

u.uzi / (yj 




A AAA C (n\ 

U.UUUj y 1 ) 


0.0089 (7) 


0.0030 (7) 


i o 

Clo 


a m ni /■ 1 a\ 
U.Ujyj (1U) 


u.uzz / (y) 


A A7 70 ( \ A\ 

U.UZ /o (1UJ 




A AA7 1 /'OA 

— U.UUZ1 (oj 


0.0154 (8) 


0.0013 (7) 


i q 
CIV 


A A/1 £7 / 1 7\ 
U.U40/ (1ZJ 


A AO A A (\ C\\ 

U.UZ44 (lUj 


A A/1 1A z' 1 7\ 

U.U43y (1ZJ 




A AA77 fCi\ 

—U.UU 11 yy) 


0.0221 (10) -0.0011 (9) 


CZU 


a din a (\ c\\ 


U.U3 lo (1UJ 


A AO/1A /'Q\ 

u.uz4u (y j 




A AAAO fQ\ 

U.UUUo (o ) 


0.0104 (8) 


-0.0018 (8) 


CZ 1 


u.uzou ) 


U.U3U5 {\-\J) 


A A71Q /Q\ 

u.uzjy (y ) 




A AA 1 0 (1\ 

U.UU 15 y 1 ) 


0.0104 (7) 


0.0005 (7) 


czz 


A A1 1 A fCi\ 

14 (y ) 


u.uiy i (y ) 


A A7/^A /'A\ 

u.uzou (y ) 




A AA 1 7 /^7\ 

— U.UU1Z yl) 


0.0157 (8) 


0.0000 (7) 


C23 


0.0278 (9) 


0.0215 (9) 


0.0267 (9) 




-0.0029 (7) 


0.0102 (7) 


0.0004 (7) 


C24 


0.0311 (9) 


0.0266 (9) 


0.0240 (9) 




-0.0022 (7) 


0.0134 (7) 


0.0048 (7) 


C25 


0.0245 (8) 


0.0241 (9) 


0.0203 (8) 




-0.0009 (7) 


0.0073 (7) 


0.0010 (7) 


C26 


0.0243 (8) 


0.0196 (8) 


0.0232 (8) 




0.0004 (7) 


0.0087 (7) 


0.0018 (7) 


C27 


0.0301 (9) 


0.0227 (9) 


0.0233 (9) 




-0.0012(7) 


0.0124 (7) 


0.0045 (7) 


C28 


0.0258 (9) 


0.0234 (9) 


0.0216(9) 




0.0006 (7) 


0.0077 (7) 


0.0006 (7) 


Geometric parameters (A, °) 














Znl— 04 




o moo ( \ i\ 


C4— C5 






1.382 (3) 


Znl— 03 




2.1335 (14) 


C4- 


-H4A 




0.9300 


Znl— Nl 




i.lDSV (14) 


C5- 


-C6 






1.486(2) 


Ol— C18 




L.iZL (2) 


C6— C7 






1.382 (3) 


Ol— H7 




0.56 (3) 


C6— C9 






1.394 (2) 


02— CI 8 




1.204 (2) 


C7- 


-C8 






1.368 (3) 


03— HI 




0.6D (3) 


C7- 


-H7A 




0.9300 


03— H2 




A Ol /"J\ 

U.61 (i ) 


C8— H8A 




0.9300 


04— H3 




0.64 (3) 


C9- 


-C10 




1.371 (2) 


04— H4 




0.V0 (3) 


C9— H9A 




0.9300 


05— C19 




1.1 V3 (2) 


C10— H10A 




0.9300 


06— C19 




1.2V2 (2) 


C12- 


-C17 




1.377 (2) 


06— H9 




0.60/ (1 /) 


C12- 


-C13 




1.387 (3) 


07— C20 




1 t/;a 
1.200 (2) 


C13- 


-C14 




1.384 (3) 


08— C20 




1 Tin /"1\ 
1. 229 (2) 


C13- 


-H13A 




0.9300 


09— C21 




1.315 (2) 


C14— C15 




1.385 (3) 


09— H8 




0.85 (3) 


C14- 


-H14A 




0.9300 


O10— C21 




1.212 (2) 


C15- 


-C16 




1.390 (3) 


Oil— C22 




1.250 (2) 


C15- 


-H15A 




0.9300 


012— C22 




1.266 (2) 


C16— C17 




1.392 (2) 
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Oli — H5 


a m {a \ 
U.yi (4) 


1 Z piO 


1 A(\£. 

i.4yo (2) 


Oli — Ho 


A OI ( A\ 
0.8 / (4) 


PH TJ 1 *7 A 

CI / — rll /A 


u.yiuu 


p 1 yi um 

U14 — H1U 


n tn /i\ 
U.82 (2) 


ciy — czi 


1 C1C /1\ 

1.525 (2) 


PV 1 A TT 1 1 

CU4 — HI 1 


n ri*\ 
U.82 (2 j 


r")/\ poo 

CZU — CZo 


1 en /i\ 
l.jil (2) 


Ml pi 

JN 1 — Ci 


1 tit n"i 
1. ji / (2) 


CZ1 — CZj 


1 A Ci£. /"1\ 
1.4yb (2) 


\r1 p 1 

JN 1 — CI 


1 i i n /i\ 
l.iiy (2) 


CZZ — CZo 


1 CAO /1\ 

1.5U8 (2) 


MO PC 

JN2 — to 


1.J48 (2) 


\^L$ — CZ4 


1 loo ^i\ 

i.iyy (2) 


JN2 — CIO 


1 1 CO /i\ 

l.i52 (2) 


poo 
CZ3 — CZo 


1 A 1 O /1\ 

1.418 (2) 


JN2 — C12 


1 /i /:n /i\ 
1.4oU (2) 


PO /I poc 

CZ4 — CZj 


1 1QA /"^>\ 

l.i84 (2) 


Cl C2 


1 382 <V\ 


r?4 H24A 


0.9300 


CI— H1A 


o.y30o 


C25— C26 


1.396 (2) 


C2— C5 


1.392 (3) 


C26— C27 


1.387 (2) 


C2— H2A 


0.9300 


C27— C28 


1.392 (2) 


C3— C4 


1.380 (2) 


C27— H27A 


0.9300 


C3 — H3A 


r\ f\ ") r\r\ 

0.9300 






04'— Znl— 04 


180.0 


C10— C9— H9A 


120.0 


04'— Znl— 03' 


91.02 (6) 


C6— C9— H9A 


120.0 


04— Znl— 03' 


88.98 (6) 


N2— C10— C9 


120.95 (16) 


04'— Znl— 03 


88.98 (6) 


N2— C10— HI OA 


119.5 


04— Znl— 03 


91.02 (6) 


C9— C10— HI OA 


119.5 


03'— Znl— 03 


180.0 


C17— C12— C13 


121.91 (16) 


04'— Znl— Nl 


88.50 (5) 


CI 7— CI 2— N2 


118.68(15) 


04— Znl— Nl 


91.50 (5) 


CI 3— CI 2— N2 


119.41 (16) 


03'— Znl— Nl 


86.58 (5) 


C14— C13— C12 


118.60(17) 


03— Znl— Nl 


93.42 (5) 


C14— C13— H13A 


120.7 


04'— Znl— Nl' 


91.50 (5) 


C12 — C13 — H13A 


120.7 


04— Znl— Nl' 


88.50 (5) 


C13— C14— C15 


120.55 (18) 


03'— Znl— Nl' 


93.42 (5) 


C13— C14— H14A 


119.7 


03— Znl— Nl' 


86.58 (5) 


C15— C14— H14A 


119.7 


\T 1 7„\ Ml 1 

JN 1 — Znl — JN 1 


1 ro nn (Ri 


L1^ ^1J 


1 ?n (19 n ii 


pi o pi ui 

CIS — CH — rll 


i ii a n i\ 
lli.U (1 /) 


PH pK UK A 

C14 — C15 — H15A 


1 in a 
12U.U 


1 PI T_T1 

Znl — Oi — HI 


1 m n i i £\ 
10 /.9 (10) 


pit pK UK A 

C 1 0 — C 1 5 — H 1 5 A 


1 in a 
12U.U 


V., 1 PI TUT 

Zn 1 — Oi — H2 


111 r P H\ 

122.5 (1 /) 


pk pi/ p 1 1 
C 1 5 — C 1 0 — C 1 / 


1 1 a oi /1 /:\ 
119. 8i (lb) 


T_T1 PI Ul 

HI — Oi — Hz 


1 r\A /i\ 
104 (2) 


PK pur p|n 

C 1 5 — C 1 o — C 1 8 


1 n m / 1 /;\ 
122. yi (lb) 


V., 1 P/1 T_T1 

Zn 1 — U4 — Hi 


111 H { 1 H\ 

121. / (1 1) 


pn pk pio 
C 1 / — C 1 o — C 1 8 


I 1 "7 /1 /:\ 

II / .2i (lb) 


7.^ 1 P/1 XJ/1 

zn 1 — C>4 — H4 


110 1 /1 c\ 

116.2 (15) 


pn pn pk 
C12 — CI / — Clb 


1 1 a ai /1 /;\ 
liy.U2 (lb) 


111 P/1 TJ/1 

Hi — <J4 — H4 


lUi (2) 


p| -7 TT 1 -7 A 

C12 — CI / — HI /A 


1 in c 
12U.J 


pin p/; t_ta 

civ — uo — Hy 


111 i"t\ 

112 (2) 


pk pn un a 
C 1 o — C 1 / — H 1 / A 


1 1A C 

12U.5 


pi 1 pn uo 
C21 — UV — Ho 


1 1 A 1 P 0\ 

HU.i (18) 


PI P 1 O P. 1 

U2 — C 1 8 — (J 1 


111 ai { 1 n\ 
122.V 1 (1 /) 


t_tc ni i t_t/; 
H5 — U 1 i — HO 


1 A1 /1\ 

102 (i) 


PI P 1 O P 1 /C 

U2 — C 1 8 — C 1 0 


in yin /1 A 
12i.4U (lb) 


111(1 P 1 /I TT11 

H10 — CH4 — Hll 


mi / 1 n~\ 

104 (10) 


P 1 PIO PK 

Ol — C18 — C16 


111 /;i /i /;\ 

1 13.63 (lb) 


C3— Nl— CI 


116.98 (15) 


05— CI 9— 06 


120.08 (19) 


C3— Nl— Znl 


120.43 (12) 


05— CI 9— C23 


119.00(18) 


CI— Nl— Znl 


122.58 (12) 


06— CI 9— C23 


120.91 (17) 


C8— N2— CIO 


119.85 (15) 


08— C20— 07 


123.68 (18) 


C8— N2— C12 


120.28 (14) 


08— C20— C28 


117.35 (16) 
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pi/i mi rn 
CIO — JN2 — C12 


1 in or /1 /I \ 

liy.OJ (14) 


<J / — CZU — CZo 


1 1 o nc /1 /:\ 
llo.yj (16) 


JN 1 — CI — C2 


m a"> { 1 h\ 
\15A1 (1 /) 


Ain ni Pin 
U 1 U — CZ 1 — UV 


1 n "7n / 1 "7\ 
Yli.lv (1 /) 


\T1 /-< 1 TJ 1 A 

JN 1 — CI — H1A 


1 1 O 1 

llo.j 


<J 1 U — CZ 1 — CZ j 


111 <CT /1 

121.6/ (16) 


r^i 1 tt i a 
C2 — C 1 — H 1 A 


1 1 O 1 

llo.J 


p,n p .f 

<jy — cz 1 — cz j 


11/1 ci /1 /:\ 
114.51 (16) 


r^i r^i r^c 
CI — Cz — C5 


ny.zu (i /) 


p. 1 1 PT T Pi1 T 

Oil — CZZ — <J1Z 


11? -7/1 / 1 /r\ 

125. /4 (16) 


1 r^i iji a 
C 1 — Cz — rlz A 


1 1/1 A 

12U.4 


p, 1 1 m /^O/C 
Ul 1 — CZZ — CZo 


110 /10 n c\ 
1 lo.4o (1 J) 


r^c r^i tji a 
Cj — Cz — H2A 


1 in A 

12U.4 


p. 1 t PTT PT/L 

<J 1 Z — CZZ — CZo 


1 1 c /:i /1 c\ 
115.63 (15) 


\T1 /^yl 

JN 1 — Cj — C4 


123.26 (1 /) 


/"""m ni no 
CZ4 — CZ3 — CZo 


1 1 o in /1 c\ 
llo.2y (1 j) 


\T1 TJQ A 

JN 1 — C3 — Hi A 


1 1 O A 

11S.4 


pi T A pin 

CZ4 — CZ3 — C 1 y 


111 /;c /ic\ 
112.65 (15) 


f^A r^i TJQ A 

C4 — Cj — H3A 


1 1 O A 

11S.4 


no ni pin 
CZo — CZ 5 — C 1 y 


1 in m / 1 £\ 
izy.vz (16) 


r^i r^/i r^c 
Cj — C4 — Cj 


i in -7i /1 n\ 

ny. /z (i /) 


nc p ,^ pn 
CZj — CZ4 — CZ3 


111-71 no 
122. /I (15) 


/~^/1 TJ A A 

Cj — C4 — H4A 


1 in 1 
12U.1 


pi^c f^"\ A I I T / 1 A 

CZj — CZ4 — hlZ4A 


no/ 
110.6 


Cj — C4 — H4A 


12U.1 


poi p i n i * 
CZ3 — CZ4 — hlZ4A 


no/ 

no.6 


/~^/1 /^C /~^1 

C4 — Cj — Cz 


11 /. J / (16) 


PO /) PTC / • "> 

CZ4 — CZj — CZo 


1 1 o m ^1 c\ 

iio.yj (15) 


f^A r*t. 
C4 — Cj — Co 


1 in 1/; ( 1 &\ 
12U.20 (10) 


CZ4 — CZj — CZ 1 


121.04 (15) 


r^i r^c r^/: 
Cz — Cj — Co 


111 Q/r / 1 /r\ 
IZZ.JO (lo) 


p T r ptc pti 

CZo — CZj — CZ 1 


1 1 n m d z\ 
liy.Uj (15) 


/~""7 /""/: r^n 
C / — Co — C9 


1 1 "7 in a\ 
11 /. /0 (lo) 


PTT PT/T PTC 

CZ / — CZo — CZj 


1 1 o -70 /1 c\ 
llo./O (15) 


f^n f^c r^c 
C / — Co — Cj 


in m /ki 
121. 1U (15) 


PT"7 PT/. PT~v 

CZ / — CZo — CZZ 


11-7 -71 /1 C\ 

11 /./J (15) 


r^n r^/: r^c 
Cy — Co — Cj 


111 1 O /1 <c\ 

121.18 (lo) 


PTC p ,/ PTT 

CZj — CZo — CZZ 


111 H /1C\ 

12J.J2 (15) 


r^Q f^n r^c 
Co — C / — Co 


1 in /;i /i h\ 
12U.62 (1 /) 


pi/ pT7 p T O 

CZo — CZ / — CZo 


in no f 1 c\ 
123. Uo (15) 


f^Q f^l TT-7 a 

Co — C / — H / A 


1 1 n "7 

ny. / 


p -> /; PT*7 1 m a 

CZo — CZ / — hlZ / A 


110c 
Ho.5 


r^£L r^n tt*7 a 

Co — C7 — H7A 


1 1 n n 

1 19.7 


PIO PT*7 TTTT" A 

CZo — CZ / — HZ / A 


110c 
118.5 


N2— C8— C7 


120.86 (17) 


C27— C28— C23 


117.96(15) 


N2— C8— H8A 


119.6 


C27— C28— C20 


113.79(15) 


C7 — C8 — H8A 


119.6 


C23— C28— C20 


128.25 (16) 


CIO— C9— C6 


119.99(16) 






Symmetry codes: (i) -x+\, -y+\, -z+l. 









Hydrogen-bond geometry (A, °) 



D—H-A 


D — H 


K-A 


D-A 


D—H-A 


Ol— H7-012" 


0.87 (2) 


1.80 (3) 


2.656 (3) 


164 (3) 


03— HI -Oil'" 


0.85 (2) 


1.88 (3) 


2.732 (2) 


175 (3) 


03— H2-OH' v 


0.81 (3) 


2.03 (2) 


2.820 (4) 


163 (2) 


04— H3-013 iv 


0.84 (2) 


1.84 (3) 


2.677 (6) 


175 (3) 


04— H4-012 v 


0.90 (3) 


1.79(4) 


2.694 (2) 


177 (4) 


O6— H9-07 


0.87 (3) 


1.56 (3) 


2.418 (2) 


174 (3) 


09— H8-08 iv 


0.85 (3) 


1.82 (3) 


2.646 (3) 


163 (4) 


OB— H5-O10 


0.92 (4) 


1.90(2) 


2.813 (3) 


174 (3) 


OB— H6-07 iv 


0.87 (4) 


1.86(4) 


2.723 (2) 


169 (3) 


014— H11-013 


0.82 (2) 


2.18(2) 


2.846 (2) 


138 (2) 


C7— H7A-01 vi 


0.93 


2.30 


3.155 (2) 


153 


C8— H8A-012™ 


0.93 


2.52 


3.302 (2) 


142 


C9— H9A-02 vi " 


0.93 


2.30 


3.225 (2) 


172 


CIO— H10A-O5 ix 


0.93 


2.15 


3.060 (3) 


167 


Symmetry codes: (ii) 


-x+2,y+l/2, -z+1/2; (iii) -x+2, y~\ll, -z\ 


-1/2; (iv) x, ->>+3/2^ 


-l/2;(v)x-l,->>+3/2,zH 


-1/2; (vi)-x+l, 



-z+1/2; (Vn)x-\,y,z; (viii) -x+\, -y+2, -z+l; (ix) -x+l,>+l/2, -z+1/2. 
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sup-8 
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sup-9 



